Large segments of populations, including children, are exposed to environmental tobacco smoke (ETS), a risk factor for lung cancer and heart, circulatory and respiratory diseases. Recently, ETS was classified as a class A carcinogen by USEPA, as carcinogenic to humans by IARC (group 1) and by the National Toxicology Program of the US National Institutes of Health. Cotinine, a product of the metabolism of nicotine, is measurable in urine and, correlates strictly and directly to ETS exposure, therefore representing a well-known internal dose marker. Another marker of active tobacco smoking is the N-(2-hydroxyethyl) valine (HOEtVal) which results from the reaction between ethylene oxide (EtO) and the N-terminal valine of hemoglobin. The aim of this study was the evaluations of ETS markers, namely urinary cotinine and HOEtVal measured in blood in 100 children with ages ranging between 3 and 13 years. Experimental findings show that cotinine, as a specific internal dose marker, and HOEtVal, as a nonspecific biological effective dose marker, both depend on the passive exposure to ETS as well as on the active habit of smoking.
Introduction
Annually, tobacco smoke causes approximately 440,000 premature deaths in the United States (Center for Disease Control (CDC), 2002) . Approximately 124,000 of these smoking-related deaths origin from lung cancer, accounting for an estimated 87% of US lung cancer mortality. Cigarette smoke is also causally related to cancer at various other organs, including the bladder, kidney, pancreas, esophagus, upper respiratory and digestive tracts (CDC, 2002) . Although the mechanisms with which tobacco smoke components are associated with these health effects are not well known yet, 55 compounds having ''sufficient evidence for carcinogenicity'' have been identified in tobacco smoke (Hecht, 1999 , Smith et al., 2003 .
Environmental tobacco smoke (ETS) is a complex mixture of gases and particles comprising smoke produced by the cigarette while smoldering between puffs and smoke exhaled by the smoker during active smoking. ETS has been classified as a class A carcinogen by EPA (Heath, 1993) , as carcinogenic to humans by International Agency for Research on Cancer (IARC) (2002) and by the National Toxicology Program of the US National Institutes of Health (Report on Carcinogens, 2002) . Due to exposure to ETS, the nonactive smokers also, including children, are at risk for smoking-associated health effects (Witschi et al. 1997a, b) .
A recent US national survey indicated that 43% of children with ages comprised between 2 months and 11 years live in homes where at least one family member is an active smoker (Forastiere et al., 2002) . Furthermore, the relationship between the smoking habit of adults and environmental tobacco smoke exposure of their children have been recognized by many authors (Townsend et al., 1991; Stone and Kristeller, 1992; Ownby et al., 2000; Landau, 2001; Mahabee-Gittens, 2002; Okah et al., 2002) .
Perhaps, the most obvious untoward effects of passive smoking involve children (US EPA, 1992) . Epidemiological studies have clearly shown that children raised in homes with smokers have more coughing (Dodge, 1982; Forastiere et al., 1992) , wheezing, sputum production (Dodge, 1982) and respiratory illnesses (Wright et al., 1991; Schulte-Hobein et al., 1992) than the children raised in homes without smokers. Children exposed to smoke also have a decreased FEV1, FVC and FEF25-75 (O'Connor et al., 1987; Sherrill et al., 1992a, b; Bono et al., 1998) increased airway reactivity (Frischer et al., 1992; Young et al., 1991) and increased incidence of asthma (Weitzman et al., 1990; Sherrill et al., 1992a, b) . They also use asthma medications more frequently and exhibit an earlier (first year of life) onset of asthma symptoms (Weitzman et al., 1990) .
A major problem for epidemiological studies on ETS effects is the accurate quantification of low exposure levels. In general, exposure to ETS could be directly assessed by measuring some tobacco smoke constituents or their metabolites in physiological fluids (urine, saliva and serum). Nicotine, cotinine, thiocyanate, carboxyhemoglobin, hydroxyproline, N-nitrosoproline, aromatic amines and certain protein or DNA adducts have been suggested and used as biomarkers for passive exposure to tobacco smoke. An ideal biomarker should be both specific and sensitive for tobacco smoke, whereas a few of the above-mentioned analytes fully meet these criteria (Benowitz, 1999) .
The relationship between biomarker expression and exposure is often complex and depends on several environmental and physiological factors. Although the presence of a marker indicates tobacco smoke exposure, the level of a biomarker may not directly correlate with the intake of the carcinogens present in tobacco smoke. Examples of direct and indirect correlation with exposure are reported below:
Cotinine, a metabolite of nicotine, is the biomarker more widely used for the specific assessment of ETS exposure (internal dose marker) during the last 20 h for smokers and during even longer periods in passive smokers, particularly children (Collier et al., 1990; Blackburn et al., 2003; Bramer and Kallungal, 2003) . Epidemiological studies carried out in recent years establish a correlation between the cotinine concentration in urine and the level of tobacco smoke exposure (passive and active) in different populations, including 6-8-weeks-old newborns (Chilmonczyk et al., 1990; Dempsey et al., 2000) , children (Henderson et al., 1989; Ehrlich et al., 1992; Willers et al., 1992) , adult passive smokers or adult nonsmokers (Coultas et al., 1989 (Coultas et al., , 1990 ) and active smokers. Since nicotine shows pharmacological activity only when assumed through tobacco smoke (either active or passive) while the dietary intake of nicotine is not comparatively significant (Siegmund et al., 2001) , cotinine represents a highly specific dose marker of active and passive tobacco smoke exposure. However, the cotinine level has no direct relationship with the health effects of smoke. Unlike cotinine, proteins and DNA adducts represent, with a few exceptions (e.g. 4-hydroxy-1-(3-pyridyl)-1-butanone), markers of early biological effects nonspecific for tobacco smoke exposure and indicative of longer exposure. Due to their long half-life, protein adducts reflect the integrated exposure approximately covering the preceding 4 months. A possible molecular adduct of tobacco smoke is N-(2-hydroxyethyl)valine (HOEtVal) measured in blood, resulting from the reaction between ethylene oxide (EtO) and N-terminal valine in hemoglobin (To¨rnqvist et al., 1986; Bono et al., 1999 Bono et al., , 2002 .
EtO is considered carcinogenic to humans (Report on Carcinogens, 2002). The presence, in human body, of this electrophilic compound, which is able to react with DNA and proteins without requiring metabolic activation, occurs mainly by direct intake (Guerin, 1987; Osterman-Golkar and Bergmark, 1988; Ribeiro et al., 1994) or by the metabolization of ethylene (Segerba¨ck, 1983; To¨rnqvist, 1986 To¨rnqvist, , 1991 To¨rnqvist, , 1994 To¨rnqvist and Kautiainen, 1993; Walker et al., 2000) , which, in turn is endogenous, but is also largely present in cigarette smoke (Guerin, 1987) . For these reasons, HOEtVal measured in blood is a nonspecific biological effective dose marker of active and passive tobacco smoke exposure (Bono et al., 1999) , and is directly related to the presence of some carcinogenic tobacco components.
The aim of this study is the search for a possible correlation in children between passive exposure to ETS and the levels of urinary cotinine and HOEtVal in blood. In a previous study (Bono et al., 1999) , we demonstrated that the determination of HOEtVal in blood was capable of discrimination between adult smokers and nonsmokers. HOEtVal also showed positive correlation with cotinine. Statistical differences among various levels of passive exposure were not detected, probably due to the complexity of the adult life style. On the contrary, children still have a life style more strictly bound to their parents, and they spend a large part of their time at home (Bono et al., 1996) . This aspect is likely to allow better quantification of passive exposure to ETS and, consequently, HOEtVal determination on children's blood might provide better ability to discriminate among different levels of passive ETS exposure. Lastly, the correlation between the two biomarker levels associated to ETS exposure was investigated, taking into account their different biological role, respectively, of internal dose marker (cotinine) and of early biological effect marker (HOEtVal).
Methods
A total of 100 children aged 3-13 years were sampled among the outpatients of the laboratory analysis of the children hospital in Turin city, North-Western Italy, from September 2001 to December 2001. These children were performing routinary blood analysis prior to simple surgery (such as herniectomy, warts removal, tonsillectomy), odontoiatric procedures or for agonistic or nonagonistic sport activities. None of the selected children was previously recognized to carry any known disease, based on parents' interview. Further confirmation of the healthy status was done after blood analysis on liver, renal function and blood cell count. The permanence of children in the laboratory outpatient waiting area (typically, a nonsmoking area) was no longer than 2 h, inclusive of administration of questionnaires and blood and urine sample collection procedure. A roughly equivalent number of males and females was recruited. Written informed consent was obtained from parents for all cases. Each procedure entailed the administration of a questionnaire to the accompanying parent and the collection of a venous blood sample in heparinized tube and a fresh spot urine sample.
Questionnaire
In all, 40 questions were asked by the same interviewer on the following items:
Individual characteristics of children: sex, age, residence, number of hours spent at home and outdoors; smoking habits of all the cohabitants expressed as the total number of cigarettes smoked per day (during the last week) by all the cohabitants from wake-up to the night sleep, independently of from where each cigarette was smoked. Environment: surface of the apartment, m 2 per person, year of construction of the building, location of apartment subgrouped in urban (city of Turin and suburbs) and rural (rural areas and villages with less than 5.000 inhabitants, inside the province of Turin). Occupational exposure to EtO or other 2-hydroxyethylating agents was investigated, but none of the parents induced us to suspect any occupational exposure to alkylating agents.
The questionnaire was re-administered to 20 subjects after 1 month by the same interviewer. Agreement between replies to the same 40 questions corresponded to K indexes ranging from 0.87 to 0.96, where: K (index of Cohen) ¼ (observed agreementsÀexpected agreements) Â (1Àexpected agreements)
À1 (Campbell and Machin, 1999) .
Urine Samples
A volume of 50 ml of fresh urine was obtained from each child. Samples were stored at À701C until cotinine analysis was performed, within 6 months. In a centrifuge tube, 1 ml of NaOH 5 M, 8.5 g NaCl and 5 ml of chloroform were added to 25 ml of urine. The methodology for cotinine analysis and quality control was published previously (Bono et al., 1996) . Instrumental analysis was performed using a gas chromatograph (GC) equipped with a flame ionization-nitrogenselective detector (NPD), using an oven programmed temperature raising from 100 to 2501C. The external quality control for the GC technique consisted in a re-analysis of a cotinine standard solution for 20 times added to a pool of nonsmoker urine samples. Results show a coefficient of variation (CV) of 4.3%, a detection limit below 1 ng/ml, and recovery around 100%. Pyridine was used as an internal standard for quality control (Bono et al., 1994) .
Blood Samples
From each subject, 5 ml of venous blood wase collected in heparinized tubes and processed within 4 h, as previously published (Bono et al., 1999) . The globin fraction was isolated and derivatized using pentafluorophenyl isothiocyanate (PFPITC) (To¨rnqvist et al., 1986; To¨rnqvist, 1991) . In particular, the modified globin containing a terminal hydroxyethylvaline residue underwent derivatization, and the N-(2-hydroxyethyl)valine-pentafluorophenyl-thiohydantoin (HOEtVal-PFPTH) was the final product of interest. A calibration curve was prepared using a calibration standard and an internal standard obtained by alkylating in vitro (with EtO and deuterated EtO (EtO 2 d 4 ), respectively) a blood sample arising from a nonsmoking subject (background standard globin). The degree of alkylation of this background standard globin was calculated by their chromatographic signals as follows: calibration standard ¼ 6.3 mmol/g of globin; internal standard ¼ 5.35 mmol/g of globin. GC/MS analysis was performed using a Finnigan-MAT 95 Q (Bremen, Germany) mass spectrometer in the electron capture (negative chemical ionization) (ECNI) mode. The procedures adopted for quality control are described in detail elsewhere (Bono et al., 1999) . In brief, the detection limit was 1 pmol of HOEtVal/g Hb. Coefficients of variation (CV%) for the internal standard reproducibility was 6.2%, the one for samples was 3.5%. The correlation coefficient (r 2 ) of the calibration curve was 0.999300 (y ¼ 0.000946 Â ).
LOD was measured as S/N45; HOEtVal levels at approximately the LOD value were found only for four samples. For all of them, the LOD value was accepted as HOEtVal concentration. We monitored the instrumental performance for both the analytes and the internal standard by running a QC sample three times per day, respectively at the beginning, at the central part and the end of a typical 10-12 daily samples series.
Statistical Method
Statistical analysis was performed using SPSS Package, Version 8.0. (SPSS, 1998) . For each mean, the interval of confidence at 0.05 level was estimated. To calculate correlations, the Pearson test was used. To compare means, the Wilcoxon variance test was used. For multivariate analysis one-way ANOVA, we assumed the equal variance of Tukey as post hoc multiple comparison. The mean differences and correlations were considered as significant at the 0.05 level.
Results
The subjects recruited for this study were numerically analyzed by sex, age, and by qualitative levels of passive exposure to tobacco smoke. In particular, children exposed to ETS were subgrouped into three categories, according to their ETS exposure to smoking mother, father, both smoking parents or other cohabitants (Table 1) . Figure 1 shows the linear regressions between the total number of cigarettes passively smoked by the 100 subjects and their urinary cotinine (A) and HOEtVal in blood (B) levels, respectively. Both statistical analyses show a significant and positive Pearson correlation, suggesting a close relationship between passive exposure to tobacco smoke and the two selected biological markers. Figure 2 reports the linear regression between the two biological markers. Again, direct and positive relationship was obtained. This relationship allows to estimate that 10 ng/ml of cotinine approximately corresponds to 2.77 pmol/g of globin of HOEtVal.
The graphical representations of the mean values and the relative intervals of confidence at 95% show that both markers discriminate exposed and not exposed subjects to ETS ( Figure 3) ; this finding was further confirmed by the Wilcoxon statistical analysis for both biomarkers.
A descriptive analysis of urinary cotinine (part A) and N-(2-hydroxyethyl)valine (part B) parameters, which takes into account the subdivision by ETS categories, is reported in Figure 4 . Although the statistical ANOVA tests proved significant general models (Po0.001), the three different types of exposure due to ETS parental smoking attitudes do Figure 3 . Mean levels of cotinine and HOEtVal and relative intervals of confidence (95%) in children exposed and not exposed to ETS.
not cause singular significant differences for both markers (exposed to mother smoke versus exposed to father smoke versus exposed to both the parents' smoke) (Tukey test). Slightly higher means, yet not statistically significant, were obtained for the children whose smoking parent is the mother, with whom they generally spend most of their time. Taking into consideration a possible ''urban factor'' influencing the biomarkers expression, Table 2 collects the mean values in relation to the residence and to the passive smoking exposure of the recruited subjects. From Table 2 , it is deduced that passive exposure to ETS is independent of the level of urbanization, but depends on the familiar smoking habits at home, as expected. In contrast, the level of HOEtVal in blood appears to depend on both the smoking habits and the level of urbanization, even if the latter correlation does not prove statistically significant, due to a large data variance. Had this correlation been confirmed, the main source of EtO in the urban environment, giving rise to higher blood HOEtVal levels, is still unclear and remains to be investigated. Table 3 shows the results based on a further subdivision associated with the working activities of the smoking mothers. Also, in this case, the results meet expectations, as the children of stay-at-home mothers show a higher level of cotinine and of HOEtVal, even if only for HOEtVal a significant difference was demonstrated.
Discussion
The present study confirms that the level of urinary cotinine, an internal dose marker specific for tobacco smoke, is significantly correlated to the extent of formation of HOEtVal in blood, an aspecific biological effective dose marker, generated by hemoglobin exposure to EtO also present in tobacco smoke.
The high sensitivity of cotinine to discriminate different levels of passive exposure in a large group of adolescents was demonstrated in a precedent work (Bono et al., 1996) . In order to verify whether or not HOEtVal concentration in blood could also discriminate different levels of human involuntary exposure to tobacco smoke, we carried out the present epidemiological study on a group of 100 children, whose lifestyle, recorded by questionnaires, is more homo- geneous than for adults, allowing more trustful classification of their passive (involuntary) exposure to tobacco smoke (Bono et al., 1999) .
Findings for both biomarkers demonstrate a good sensitivity to significantly discriminate passive exposure to tobacco smoke (Figure 3) . However, multivariate analysis does not show further ability to discriminate between the two parents, smoking habits in relation to passive tobacco smoke exposure of their children (Figure 4) . Nevertheless, the lack of significant differences of both biomarkers among the sources of passive tobacco smoke exposures (Tukey test) is possibly due to the scarce overlapping between sources of exposure and levels of exposure. The longer time spent at home by stay-at-home mothers with respect to working mothers could still partially explain the slightly higher level of cotinine (26.33 versus 23.17) and HOEtVal (8.40 versus 8.18) of subjects exposed only to mother smoke with respect to the children exposed only to father smoke.
Moreover, we know from the questionnaires that the mother's external work (Table 3) is often a part-time job, taking place during morning, when their children (93 out of 100) are at school or preschool. This aspect is likely to be important in determining the lack of significant difference between cotinine levels of children having working mothers and stay-at-home mothers (Table 3 ). The significant difference between the two groups of mothers in relation to the HOEtVal level in their children blood is likely due to the longer half life of HOEtVal, the longer persistence of the promoting pollutants (EtO and ethylene) in the ambient air and the possible occurrence of other unexpected sources of pollution (Table 3 ).
In conclusion, urinary cotinine and HOEtVal in blood represent two important biological parameters in the potential connection between passive exposure to tobacco smoke and risk of cancer. Recent exposure is easily detected by determining urinary cotinine, an internal dose marker, with high sensitivity and specificity (half-life of 20 h), whereas long-term exposition is determined from the blood formation of HOEtVal, a molecular hemoglobin adduct representing a biomarker for early biological effects. HOEtVal in blood also measures the integrated exposure to an important tobacco smoke component over the lifespan of erythrocytes (4 months in humans) (Kautianen and To¨rnqvist, 1991) .
The positive correlation between cotinine and HOEtVal reported in Figure 2 and the reasonable extrapolation of HOEtVal to the correspondent DNA adduct (Csanady et al., 2000) increase the knowledge about the early steps of carcinogenic mechanisms related to active exposure to tobacco smoke. As a matter of fact, the level of HOEtVal in blood linearly correlates with the alkylating activity occurring in DNA. In particular, Farmer et al. (1987) calculated that 10 pmol of HOEtVal/gr of globin corresponds to 0.33 pmol of adduct/g of DNA. It follows that the determination of cotinine and N-(2-hydroxyethyl)valine may find practical application in estimating the risk of cancer in different groups of population.
